We study the influence of a two-dimensional transversal magnetic field with the asymptotics B(r → ∞) = B 0 in a spin 1/2 charge particle. It is shown that the zeroenergy solutions can exist only for one spin direction, depending on the sign of the magnetic field in the infinite boundary. This, shows that zero-energy level is robust with respect to possible inhomogeneities of the magnetic field. In addition, we show that the number of the states with zero energy for one spin projection is infinity.
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The energy spectrum of fermions coupled to gauge fields presents an important property, the existence of zero-energy modes equally shared by electrons and holes. This is a consequence of one of the most important theorems of modern mathematics, the Atiyah-Singer index theorem [1, 2] . This theorem has important applications in quantum field and superstring theories [3, 4] . It, also, has important consequences on graphene [5, 6] where the anomalous (half-integer) quantum Hall effect in singlelayer graphene is a consequence of the AtiyahSinger theorem. In addition, a similar statement has been proven for the anomalous quantum Hall effect in graphene bilayer [7, 8] . The existence of the zero-energy states for fermions in inhomogeneous magnetic fields in two dimensions was demonstrated explicitly by Aharonov and Casher [9] . They, was able to show that the ground state is exactly calculable and possesses a degeneracy related to the total flux. Specifically, they suppose the case of an infinite sample with the magnetic flux Φ localized in a restricted region and showed that zero-energy solutions can exist only for one spin direction, depending on the sign of the total flux. Also, they showed that the number of the states with zero energy for one spin projection is equal to N , where N is the integer part of Φ 2π . In this note we generalize the idea of Aharonov and Casher and study a two-dimensional spin 1/2 charge particle under the influence of transversal magnetic field with the asymptotics B(r → ∞) = B 0 . Particularly, we show that the zero-energy solutions can exist only for one spin direction, depending on the sign of the magnetic field in the boundary. In addition, we show that the number of the states with zero energy for one spin projection is infinity.
Let us start by considering a (2 + 1)-dimensional Dirac-Weyl model whose Hamiltonian is described by
Here, the σ i (i = 1, 2) are 2×2 Pauli matrices, i.e.
and p i = −i∂ i is the two-dimensional momentum operator. The massless Dirac-Weyl equation in (2 + 1) dimensions is
Here, Φ(x, y, t) is the two-component spinor
here φ a and φ b represent the envelope functions associated with the probability amplitudes. Since, we are interested in stationary states, it is natural to propose a solution of the form
then, the time-independent Dirac-Weyl equation is
In the presences of a perpendicular magnetic field to the (x, y)-plane, we replace the momentum operator p i by the covariant derivative, defined as
where A i are components of the vector potential, such that
where B(x, y) is the transversal magnetic field. Thus, the equation (6) becomes,
We can develop this equation to get,
where ψ a and ψ b are the components of the spinor Ψ (i.e. Ψ = (ψ a , ψ b ) T ). From this equation we can write the two coupled equations for the components ψ a and ψ b
[
Here, we are interested in the zero energy modes. This solution may be constructed explicitly following, the work done by Aharonov and Casher [9] . Thus, we can introduce a scalar potential λ(x, y) such that,
and due to the equation (7),
Then, the equations (10) and (11), for the energy zero case, can be written in the form
The potential λ(x, y) can be excluded by the substitution
where γ = 1 and −1 for ψ a and ψ b respectively. Then the equations (14) and (15) transforms into the equation,
Thus, f a and f b are analytic and complex conjugated analytic entire functions of z = ix + y, respectively. For a transversal magnetic field B(x, y) with the asymptotics B(r → ∞) = 0 the problem was addressed by Aharonov and Casher in Ref. [9] , and leads to zero-energy solutions exist only for one spin direction, depending on the sign of the total magnetic flux. Also they proved that the number of the states with zero energy for one spin projection is equal to N , where N is the the closest integer to the total flux in units of the flux quantum. In this letter we are interested in magnetic fields with the asymptotics B(r → ∞) = B 0 , where B 0 is a constant real number different from zero. Hence, as r → ∞ the equation (7) becomes,
which can be solved by
To proceed, we can obtain an expression for λ(x, y) by using (12) and (19),
Then, the solution of Eq. (16) at large distances has the asymptotics, with
Since the entire function f (z) cannot go to zero in all directions at infinity, ψ i can be normalizable only assuming that γ B 0 4 < 0; that is, zero-energy solutions can exist only for one spin direction, depending on the sign of the magnetic field in the boundary. Let us count how many independent solutions of Eq. (17) we have. As a basis, we can choose just polynoms searching the solutions of the form
(to be specific, we consider the case B 0 > 0), where j = 0, 1, 2, . . . Since e − B 0 4 r 2 decays faster than any power of z. One can easily see from Eq. (22) that the solution is integrable with the square for any value of j. Therefore, the number of the states with zero energy for one spin projection is infinity, and there are no such solutions for another spin projection.
In summary, we have generalized the result found in Ref. [9] for the cases in which the magnetic field is different from zero as r → ∞. In particular, we showed that the zero-energy solutions can exist only for one spin direction, depending on the sign of the magnetic field on the infinite edge. Thus, the zero-energy level is protected by the value of the magnetic field in boundary, which show that it is robust with respect to possible inhomogeneities of the magnetic field. Finally, we find that zero energy mode has an infinite degeneracy.
